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(54) THRUST VECTORING SYSTEM AND 57 ABSTRACT
METHOD A method and system for thrust vectoring a primary fluid flow
) . . from an exhaust nozzle of a jet engine that significantly
(76)  Inventor: Ronald Tatsuji Kawai, Rancho increases the non-axial force able to be generated by a flight
Palos Verdes, CA (US) control surface associated with the nozzle. In one implemen-
tation the method involves placing a flight control element
Correspondence Address: having a movable portion adjacent a downstream edge of the
HARNESS DICKEY & PIERCE, PLC nozzle. A secondary fluid flow is created adjacent a surface of
P.O. BOX 828 the flight control element that influences a boundary layer of
BLOOMFIELD HILLS, MI 48303 (US) the primary fluid flow over the flight control element. This
causes the primary fluid flow to generate a force that is
(21) Appl. No.: 11/828,380 directed non-parallel (i.e., non-axial) to a longitudinal axis of
the nozzle. In one specific implementation a plurality of slots
(22) Filed: Jul. 26, 2007 are formed in the flight control surface, and the flight control
surface is formed by an airfoil. In another implementation the
Publication Classification flight control surface is formed on an interior wall of the
nozzle at a downstream edge of the nozzle. In various imple-
(51) Int.ClL mentations either a pressurized secondary fluid flow can be
B64C 15/02 (2006.01) directed out through the slot, or a vacuum force can be gen-
FO2K 1/00 (2006.01) erated through the slot to either promote attachment or sepa-
ration of the primary fluid flow passing over the flight control
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THRUST VECTORING SYSTEM AND
METHOD

FIELD

[0001] The present disclosure relates to thrust vectoring
systems and methods, and more particularly to a thrust con-
trol system and method employing a flow control element or
surface that makes use of a secondary flow to enhance turning
of an exhaust flow from a jet engine, to thus generate large
non-axial side forces using low levels of secondary power for
rapid response.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0003] Thrust vectoring of a jet engine exhaust flow has
typically required deflecting or rotating the entire exhaust
nozzle outer flow path to generate non-axial forces that can be
used to help create lift or to control flight and/or an attitude of
anaircraft. Thrust vectoring has also involved using fluid flow
control systems that are applied to the outer periphery of
convergent-divergent exhaust nozzles for control of super-
sonic aircraft. However, the use of convergent-divergent
nozzles would entail large performance penalties for sub-
sonic aircraft that have either convergent exhaust nozzles or
only slightly convergent-divergent exhaust nozzles. Thus,
present day flow control systems are generally limited in
application to supersonic aircraft.

[0004] Different types of aircraft may also require particu-
larly complex flight control systems to achieve needed
degrees of maneuverability and control. For example, aircraft
of the “flying wing” type or aircraft making use of a hybrid
wing often make use of canards or empennages. However,
such structures often add significant weight to the aircraft,
and may require a significant amount of secondary power to
be used with the flight control system. A more effective sys-
tem for controllably generating non-axial forces that can be
used to control the attitude and/or flight of an aircraft, and
which can be implemented on both supersonic and subsonic
aircraft, would be highly desirable.

SUMMARY

[0005] A method and system for thrust vectoring a primary
fluid flow, for example an exhaust flow, leaving a nozzle of a
jet engine. In one implementation the method involves plac-
ing a flight control surface adjacent a downstream edge of the
nozzle. A secondary fluid flow is created adjacent the flight
control surface that influences a boundary layer of the fluid
flow over the flight control surface, to generate a force that is
directed non-parallel to a longitudinal axis of the nozzle (i.e.,
a non-axial force), and that is significantly greater in magni-
tude than what could be achieved without the secondary flow.
The non-parallel force acts as a thrust vectoring force that can
assist in controlling the flight and/or attitude of an airborne
mobile platform with which the jet engine is being used. In
various embodiments the secondary fluid flow may be con-
tinuous or intermittent.

[0006] In one specific implementation the flight control
surface forms an airfoil having a fixed component and a
moveable component. At least one slot is formed in the airfoil.
An actuator controls movement of the moveable component,
which in one example is a flap. A secondary airflow may be

Jan. 29, 2009

directed through the slot to influence attachment or separation
of the boundary layer of the primary flow over the airfoil,
depending on the direction of the secondary airflow relative to
the outer surface of the airfoil. In various embodiments a
plurality of slots are employed on the fixed component of the
airfoil to generate secondary airflows adjacent an outer sur-
face of the airfoil. The secondary airflows may be directed
either normal or tangential to an outer surface of the airfoil, to
thus selectively enhance separation or attachment, respec-
tively, of a boundary layer of the primary flow moving over
the flap.

[0007] In one specific implementation a suction force is
generated through the slot in the flight control surface that
promotes attachment (i.e., helps to prevent separation) of the
boundary layer from the flight control surface.

[0008] In another embodiment the flight control surface
forms an interior wall of the nozzle. The flight control surface
may further be oriented to generate a non-axial directed force
that influences either the yaw, pitch or even roll of an airborne
mobile platform.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present disclosure in any way.

[0010] FIG.11is aperspective view of a blended wing body
aircraft having a pair of exhaust nozzles and employing an
embodiment of a thrust vectoring system of the present dis-
closure with each exhaust nozzle;

[0011] FIG. 2 is a partial cross sectional view taken in
accordance with section line 2-2 in FIG. 1 illustrating in more
detailed fashion one of the exhaust nozzles and its associated
thrust vectoring system;

[0012] FIG. 3 is a bottom plan view of the flight control
surface shown in FIG. 2, in this example an airfoil, taken in
accordance with directional arrow 3 in FIG. 2, and also illus-
trating the plurality of slots formed therein through which
secondary airflows can be formed, together with exemplary
subsystems for controlling a moveable flap of the airfoil and
the secondary airflows;

[0013] FIG. 3A is a simplified plan view of an embodiment
of the flight control surface of FIG. 3, but incorporating a
plurality of small openings that collectively form sections of
porous surfaces through which the secondary flow can be
generated;

[0014] FIG. 4 is a simplified side view of the airfoil illus-
trating how a pressurized secondary airflow directed out-
wardly through the slots, normal to the outer surface of the
airfoil, can facilitate flow separation of an exhaust flow (i.e.,
primary flow) leaving the nozzle;

[0015] FIG. 5is a view of the flight control element of FIG.
4, but with a pressurized, tangential secondary airflow being
emitted from the slot, and illustrating how the tangential
secondary airflow facilitates maintaining the boundary layer
of'the exhaust flow attached to the moveable flap of the airfoil;
[0016] FIG. 6 is a view of the airfoil of FIG. 4 illustrating a
vacuum force being generated through the slot, which helps
to facilitate maintaining attachment of the boundary layer of
the exhaust flow to the flap of the airfoil;

[0017] FIG.7is aperspective end view of the nozzle shown
in FIG. 1, but with a flight control surface, in this example an
airfoil, disposed at a central location within the nozzle and
generating a pressurized secondary airflow in a direction
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normal to the outer surface of the airfoil, and with the airfoil
being oriented vertically so that the exhaust flow is turned to
effect a yaw force; and

[0018] FIG. 8 is a view of the exhaust nozzle of FIG. 7 but
with the inner surface of the exhaust nozzle forming a flight
control surface with a plurality of slots for generating either a
tangential secondary flow, a flow normal to the inner surface,
or a vacuum force through the slots, to selectively effect
turning of the exhaust flow.

DETAILED DESCRIPTION

[0019] The following description is merely exemplary in
nature and is not intended to limit the present disclosure,
application, or uses.

[0020] Referring to FIG. 1, a blended wing body aircraft 12
is shown incorporating a thrust vectoring system 10 within
each of its exhaust nozzles 14. It will be appreciated that the
exhaust nozzles 14 are each associated with a jet engine,
which is not shown in the figure. It will also be appreciated
that while a jet aircraft is illustrated, that the system 10 may be
used with any jet powered mobile platform, for example a
missile or an unmanned airborne mobile platform. The sys-
tem may also find utility in ajet powered land vessel or marine
vessel, although it is anticipated that most applications are
likely to involve airborne, jet powered mobile platforms.
[0021] Referring further to FIGS. 1 and 2, the system 10
includes a flight control surface 16 which is mounted prefer-
ably at least partially within an interior area 18 of the nozzle
14. The flight control surface may form a vane, an airfoil or
any similar flight control element. For convenience, the flight
control surface will be referred to throughout the following
description as “airfoil 16”.

[0022] The airfoil 16 may be mounted either centrally
within the nozzle 14 or at a location that is offset toward either
the upper wall 14a of the nozzle 14 or toward a surface 145 of
the fuselage of the aircraft 12 that forms a bottom wall for the
nozzle 14. It is anticipated that in most applications it will be
preferred to mount the airfoil 16 at a midpoint (cord-wise) of
the nozzle 14 as shown in FIG. 2.

[0023] The airfoil 16 includes a fixed component 20 and a
movable component in the form of a flap 22. The flap 22 is
controlled by a flight control system of the aircraft 12, as well
an actuator, which will each be discussed in the following
paragraphs. The fixed component 20 of the airfoil 16 is pref-
erably secured entirely or mostly within the nozzle 14 adja-
cent adownstream edge (flow-wise) 14¢ of the nozzle 14. The
airfoil 16 may be secured within the nozzle 14 by any suitable
structure, for example by direct attachment to the interior wall
of'the nozzle 14 or by an internal spar. However, the installa-
tion of the airfoil 16 is preferably such that the entire flap 22
is disposed outside of the nozzle 14.

[0024] Referring to FIG. 3, the airfoil 16 can be seen to
include a plurality of slots 24 oriented to extend normal to a
longitudinal axis C; of the airfoil 16. However, the slots 24
could instead take other shapes such as, for example, circular,
oval or square shapes. As shown in FIG. 3A, one embodiment
of the airfoil 16 may alternatively make use of a plurality of
small openings to form porous surface sections 24a through
which a secondary flow may be generated.

[0025] Slots 24 may be oriented tangential or non-parallel
to the longitudinal axis C,, and they could be slightly curved
rather than straight. However, it is anticipated that in many
applications, straight slots formed normal to the longitudinal
axis C; will be preferred. The elongated slots 24 may have
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heights and widths that vary to suit the needs of specific
applications. The heights and widths of the slots 24 will also
depend on the size of the nozzle 14 being used. However, it is
anticipated that at least in some applications, the slots 24 may
have lengths on the order of six to twelve inches (15.24-30.48
cm) and widths ofabout 0.2-0.4 inch (5.08 mm-10.16 m). The
lengths of the slots 24 may all be the same, or some ofthe slots
can be made shorter or longer in length to best tailor perfor-
mance to meet a specific application. The spacing between
the slots 24 may be uniform or may also vary slightly to best
meet the needs of a specific application. Alternatively, it is
possible that a single slot spanning a major portion of the
length of the airfoil 16 may be employed.

[0026] The overall number and size of the slots 24 formed
onthe airfoil 16 will also depend on the needs of the particular
application (e.g., type of mobile platform, exact engine and
engine thrust rating, non-axial force required, etc.), and the
overall dimensions of the airfoil 16. The slots 24 can also be
formed on both the upper and lower surfaces of the airfoil 16
to provide bidirectional thrust vectoring control.

[0027] With further reference to FIG. 3, the system 10
further includes a flight control system 26 and a secondary
airflow generating system 28. The secondary airflow gener-
ating system 28 is used to generate either a pressurized sec-
ondary airflow or a vacuum force that is directed through the
slots 24. The secondary flow may also be continuous or inter-
mittent. [t may also be a pulsating flow that oscillates between
pressure and suction. Engine bleed air from the jet engine of
the aircraft 12 could also be employed to form the pressurized
secondary airflow.

[0028] The airfoil 16 further may include an actuator 30
and suitable linkage (not shown) for moving the flap 22 of the
airfoil 16. The actuator 30 may be controlled by the flight
control system 26 so that the flap 22 is turned in a desired
direction to assist in turning the fluid flow exiting the nozzle
14. The term “primary fluid flow” will be understood to
include any fluid flow that is leaving the exhaust nozzle 14
that is generated by the engine or one of its related compo-
nents. The primary fluid flow may comprise a fan bypass flow,
an engine exhaust flow, or a combination thereof.

[0029] The pressurized secondary airflow being emitted
through each of the slots 24 is indicated by arrow 32 in FIG.
2. The secondary airflow 32 may be directed generally normal
to the exterior surface of the airfoil 16, as indicated in FIG. 2,
or it may be directed generally tangential to the exterior
surface of the airfoil 16 or at an angle. Suitable structure is
formed within the airfoil 16, for example pivotally mounted
airflow nozzles or one or more air deflecting panels (not
shown), that may be used to direct the secondary airflow
either normal or tangential, or at some intermediate angle, to
the exterior surface of the airfoil 16. Alternatively, the angle at
which the secondary airflow is directed may be controlled by
a pivoting trailing edge member associated with each elon-
gated slot 24.

[0030] As will be described further in the following para-
graphs, emitting the secondary airflow 32 generally normal to
the exterior surface of the airfoil 16 facilitates separation of
the boundary layer of the exhaust flow (i.e., the “primary
flow”) from the flap 22, while directing the secondary airflow
32 tangential to the exterior surface of the airfoil 16 facilitates
maintaining attachment of the boundary layer to the flap 22.
[0031] Referring to FIG. 4, the operation of the system 10
will now be described. In FIG. 4 the slots 24 are used to
generate the secondary pressurized airflow 32 in a direction
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generally normal to the exterior surface of the airfoil 16. This
causes separation of the boundary layer exhaust flow from the
lower surface of the airfoil 16, as indicated by exhaust flow
arrows 34. The position of the flap 22 facilitates attachment of
the boundary layer flow along its upper surface, as indicated
by exhaust flow arrows 36. Since in this example the airfoil 16
is oriented horizontally within the nozzle 14, the airfoil 16
will produce a force in accordance with arrow 38 that will
provide an aircraft nose up pitch force when the nozzle 14 is
located aft of the aircraft’s 12 center of gravity.

[0032] In FIG. 5, the pressurized secondary airflow 32 is
directed generally tangentially to the exterior surface of the
airfoil 16. This facilitates attachment of the boundary layer of
the exhaust flow, as indicated by exhaust flow arrows 36. This
enables a larger deflection of the flap 22 without separation of
the boundary layer, thus resulting in a considerably larger,
non-axial force being developed.

[0033] In FIG. 6, a suction force 42 is generated through
each of the slots 24. This facilitates attachment of the bound-
ary layer of the exhaust flow as it moves over the flap 22, as
indicated by exhaust flow arrows 44. Exhaust flow arrows 46
indicate that the exhaust flow remains attached to airfoil 16 as
it moves over the flap 22. This action also allows a much
larger flap 22 deflection to create a much larger non-axial
force. The use of the secondary airflow 32 in FIGS. 4,5 and 6
reduces the size of the airfoil 16 needed to produce a given
level of non-axial force, and further allows changing the side
force by controlling the secondary flow to enable rapid
changes in the side force without rapid flap excursions.
[0034] Referring now to FIG. 7, another embodiment of the
present disclosure is illustrated in which a thrust vectoring
system 100 includes a vertically oriented flight control sur-
face, in this example an airfoil 102, disposed within the
nozzle 14. The airfoil 102 has a fixed component 104 and a
moveable component in the form of flap 106. The airfoil 102
may otherwise be identical in construction to airfoil 16, and
includes a plurality of slots 108 on at least one exterior surface
of the fixed component 104 of the airfoil 102. The only
difference between the system 100 and the system 10 is that
with system 100 the airfoil 102 is oriented vertically rather
than horizontally within the nozzle 14. When pressurized
secondary airflows 110 are directed out through the slots 108
normal to the exterior surface of the airfoil 102, they cause
separation of the boundary layer of the exhaust flow from the
flap 106, as indicated by exhaust flow arrows 112. This pro-
duces a non-axial directed force in accordance with arrow
114. The non-axial force effectively acts to influence or con-
trol the yaw of the aircraft 12. Similar to the system 10, the
system 100 could readily be modified to generate a tangen-
tially directed flow out from the slots 108 or a vacuum force
through the slots 108. The slots 108 could also be formed on
both opposing surfaces of the airfoil 102.

[0035] Referring now to FIG. 8, another embodiment of the
present disclosure is illustrated in which a thrust vectoring
system 200 is formed on interior walls 14¢ and 14d of the
nozzle 14. The system 200 includes pluralities of slots 202a
and 2025 through which secondary airflows can be emitted
adjacent a downstream edge 14a of the nozzle 14. In FIG. 8,
pressurized, secondary airflows 204 emitted through the slots
202aq are generated generally normal to the interior wall 14¢
of the nozzle 14, which in turn facilitates separation of the
boundary layer of the exhaust flow from the interior wall 14c,
as indicated by exhaust flow arrows 206. However, slots 2025
on interior wall 144 emit generally tangentially directed pres-
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surized secondary airflows 208 that help to maintain attach-
ment of the boundary layer of the exhaust flow on the interior
wall 14d, as indicated by exhaust flow arrows 210. The sec-
ondary airflows through the slots 202a, 2025 could be con-
trolled in the opposite manner as well (i.e., normal secondary
flows flowing out through slots 20254 and tangential second-
ary flows flowing out through slots 202a). A vacuum force
could also be employed with either group of slots 2024, 2025,
as could intermittent and oscillating pressurized and/or
vacuum secondary flows.

[0036] The use of secondary airflows with the airfoils (16,
102), as well as the interior wall mounted slots 202, may
provide significant performance benefits over conventional
empennages used with present day airborne mobile platforms
such as jet powered aircraft. For example, the use of second-
ary flows to perform fan flow turning with a fan nozzle can
potentially produce a yaw control force per unit surface area
of the airfoil that is potentially twenty times, or possibly
more, greater because of the higher dynamic pressure (“q”),
and three times greater from powered lift, yielding a total
factor of 60 increase in yaw control per unit surface area over
conventional aerodynamic control surfaces. Using control of
a secondary flow thus reduces the size of flight control sur-
faces and provides rapid changes minimizing the need for
large, rapid response actuators for large aerodynamic control
surfaces.

[0037] The various embodiments and implementations of
the system and method described herein can significantly
reduce system weight and volume, which in turn may reduce
cost, since cost typically follows weight. Furthermore, the
impact on cruise performance of an aircraft employing any
one of the herein described embodiments should be minimal
when engine bleed air is used. This is because the engine
bleed air would only be used during non-axial force genera-
tion. Available engine bleed air is already in close proximity
to the exhaust nozzle on many aircraft.

[0038] It is also contemplated that the airfoils 16 and 102
could be retractable and deployed only during low speed
flight when external aerodynamic control surfaces are least
effective because of low freestream dynamic pressures. [f the
airfoils 16 and 102 described herein are used for pitch control,
there could be a potential synergistic benefit of reducing
flyover noise.

[0039] The various embodiments of the present disclosure
described herein may have particular utility with blended
wing body (BWB) aircraft. Such aircraft are “tailless” and, as
such, present additional challenges in implementing roll,
pitch and yaw control. Although the moment arm produced
from a nozzle employing the teachings presented herein may
potentially be less than that produced by outer wing tip drag
or vertical surface devices, the lift force from the higher
dynamic pressure (i.e. “q”) that results from using flow con-
trol in the nozzle may potentially result in a surface force that
is orders of magnitude greater than conventional control sur-
faces positioned in freestream. Aerodynamic flight control
and lift surfaces typically have force coefficients of 0.5 t0 3.0.
But using flow control can induce super circulation to gener-
ate a lift force of up to, or possibly even greater than, 9.
[0040] This various embodiments of the present disclosure
described herein can be used in high bypass ratio turbofan
engines for subsonic cruise aircraft. The various embodi-
ments can also be used for roll control of a jet powered
airborne mobile platform or even to create lift to reduce
aircraft take-off and landing distances. Various synergistic
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combinations of roll, pitch and yaw control for an airborne
mobile platform could be implemented using the teachings of
the present disclosure. If used to create lift, the embodiments
of'the systems described herein may enhance the capability of
otherwise conventional aircraft in performing short take-offs
and landings, which are often especially challenging with
conventional flight control surfaces.

[0041] While various embodiments have been described,
those skilled in the art will recognize modifications or varia-
tions which might be made without departing from the
present disclosure. The examples illustrate the various
embodiments and are not intended to limit the present disclo-
sure. Therefore, the description and claims should be inter-
preted liberally with only such limitation as is necessary in
view of the pertinent prior art.

What is claimed is:

1. A method for thrust vectoring a primary fluid flow exit-
ing a nozzle of a jet engine, comprising:

forming a flight control surface adjacent a downstream

edge of said nozzle; and

using said flight control surface to generate a secondary

fluid flow adjacent said flight control surface that influ-
ences a boundary layer of said primary fluid flow over
said flight control surface, to generate a force that is
directed non-parallel to a longitudinal axis of said
nozzle.

2. The method of claim 1, wherein forming a flight control
surface comprises:

forming an airfoil that is positioned at least partially within

an interior area of said nozzle; and

forming an opening in said airfoil through which said sec-

ondary fluid flow is able to flow.

3. The method of claim 1, wherein forming a flight control
surface comprises forming on an interior wall portion of said
nozzle at least one opening through which said secondary
fluid flow may pass.

4. The method of claim 1, wherein forming a flight control
surface adjacent a downstream edge of said nozzle comprises
placing an airfoil having a moveable component at least par-
tially within an interior area of said nozzle adjacent said
downstream edge of said nozzle.

5. The method of claim 4, further comprising using an
actuator to move said moveable component of said airfoil.

6. The method of claim 1, wherein creating a secondary
fluid flow adjacent a surface of said flight control surface
comprises generating a pressurized fluid flow tangential to
said flight control surface to promote attachment of said pri-
mary fluid flow to said flight control surface.

7. The method of claim 1, wherein creating a secondary
fluid flow adjacent a surface of said flight control surface
comprises generating a pressurized fluid flow directed gener-
ally normal to said flight control surface, to promote separa-
tion of said primary fluid flow from said flight control surface.

8. The method of claim 1, wherein creating a secondary
fluid flow adjacent a surface of said flight control surface
comprises generating a suction airflow adjacent said flight
control surface, to promote separation of said primary flow
from said flight control surface.

9. The method of claim 1, wherein creating a secondary
fluid flow comprises using at least one slot formed in said
flight control surface to pass said secondary fluid flow there-
through.
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10. The method of claim 1, wherein forming a flight control
surface comprises forming a flight control surface on an inte-
rior wall of said nozzle adjacent said downstream edge of said
nozzle.

11. The method of claim 1, wherein forming a flight control
surface comprises placing a flight control element at least
partially within said interior area of said nozzle so as to be
generally centrally disposed within said nozzle.

12. The method of claim 1, wherein forming a flight control
surface comprises placing a flight control element within said
interior area of said nozzle in an orientation to influence at
least one of yaw and pitch of an airborne mobile platform.

13. The method of claim 1, wherein the operation of form-
ing a flight control surface comprises forming a plurality of
openings to form a porous area through which said secondary
fluid flow is developed.

14. A method for thrust vectoring a primary flow exiting a
nozzle of a jet engine, comprising:

forming at least one opening on an interior wall portion of

said nozzle; and

controlling a secondary fluid flow through said opening to

controllably turn said primary fluid flow as said primary
fluid flow exits said nozzle.

15. The method of claim 14, wherein forming at least one
opening comprises forming at least one slot in said interior
wall of said nozzle.

16. The method of claim 14, wherein controlling a second-
ary fluid flow through said opening comprises at least one of:

generating a pressurized secondary fluid flow directed

through said opening into an interior area of said nozzle
in a direction generally normal to said interior wall;
generating a pressurized fluid flow directed through said
opening into an interior area of said nozzle in a direction
generally tangential to said interior wall; and
generating a suction force through said opening.

17. A method for thrust vectoring a primary fluid flow
exiting a nozzle of a jet engine, comprising:

placing an airfoil having a movable flap adjacent a down-

stream edge of said nozzle; and

controlling movement of the flap with an actuating com-

ponent; and

creating a secondary fluid flow adjacent an outer surface of

said airfoil that influences a boundary layer of said pri-
mary fluid flow over said outer surface of said airfoil, to
generate a force that is directed non-parallel to a longi-
tudinal axis of said nozzle.

18. The method of claim 17, wherein creating a secondary
fluid flow adjacent a surface of said airfoil comprises gener-
ating a pressurized fluid flow through an opening in said outer
surface of said airfoil, wherein the pressurized fluid flow is
directed tangential to said outer surface of said airfoil to
promote attachment of said primary fluid flow to said airfoil.

19. The method of claim 17, wherein creating a secondary
fluid flow adjacent said outer surface of said airfoil comprises
generating a pressurized fluid flow through an opening in said
outer surface that is directed generally normal to said outer
surface of said airfoil, to promote separation of said primary
fluid flow from said airfoil.

20. The method of claim 17, wherein creating a secondary
fluid flow adjacent said outer surface of said airfoil comprises
generating a suction force through an opening formed in said
outer surface to promote separation of said primary fluid flow
from said airfoil.
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21. The method of claim 17, wherein creating a secondary
fluid flow comprises using at least one slot formed in said
airfoil to pass a secondary fluid flow therethrough.

22. A thrust vectoring system for use with a jet engine
having an exhaust nozzle, the thrust vectoring system com-
prising:

a flight control surface disposed adjacent a downstream

edge of said exhaust nozzle and at least partially within
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an interior area of said nozzle; and a system for gener-
ating a secondary fluid adjacent said flight control sur-
face that influences a boundary layer of a primary flow
being exhausted from said exhaust nozzle over said
flight control surface, to generate a force that is directed
non-parallel to a longitudinal axis of said exhaust
nozzle.



